Introduction
Among the methods for optical diagnostics of human bio− logical tissues (BT), the methods of laser polarimetric diag− nostics aimed on their optically−anisotropic structure are widely spread [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . The main "information product" of these methods is availability of coordinate distributions for the azimuths a(x, y) and the ellipticity b(x, y) of polarization (polarization maps) with the following types of analyses: statistical (statistical moments of the 1−st to 4−th orders, Ref. 13) , correlation (auto− and cross−correlation function, Ref. 14) , fractal (fractal dimensions, Ref. 15) , singular (spa− tial distributions of amounts of linearly and circularly pola− rized states, Refs. [16] [17] [18] [19] , wavelet analysis (sets of wavelet coefficients for various scales of biological crystals Refs. 20 and 21). As a result, interrelations between the set of these parameters and distributions of optical axis directions, as well as values of the birefringence, characterizing the net− work of optically uniaxial protein (myosin, collagen, ela− stin, etc.) fibrils in optically anisotropic components of BT layers can be determined. Using this base, a set of methods for early recognition and differentiation of pathological changes in BT structures related with their degenerative− −dystrophic and oncological changes is developed [22, 23] .
It is noteworthy that there exists a widespread group of optically anisotropic biological objects for which the met− hods of laser polarimetric diagnostics are not so efficient. Optically−thin (the coefficient of extinction t £ 0.1) layers of various biological fluids (bile, urine, synovial fluid, blood plasma, etc.) can be related to these objects. All these layers possess considerably less optical anisotropy of the biological component matter as compared with birefringent BT structures [1] . As a consequence, these objects weakly modulate polarization of laser radiation On the other hand, biological fluids are more available for a direct laboratory analysis as compared to traumatic me− thods of BT biopsy. From the above reasoning, it seems to− pical to search new, additional parameters for laser diagnos− tics of optically anisotropic structures in biological fluids. This work is aimed at searching the possibilities of per− forming diagnostics of structures inherent to liquid−crystal networks of synovial fluid, taken from human joints with various pathologies, by using the method for determination of the coordinate distributions of phase shifts (phase maps) between orthogonal components of laser radiation ampli− tudes with the following statistical, correlation, and fractal analyses of these distributions.
Optical model of synovial fluid
As a base for modelling optical properties of synovial fluid we use the conception of anisotropy observed in BT protein networks developed in Refs. 1, 16, and 17: l synovial fluid can be considered as a two−component amorphous−crystalline structure, l optically isotropic is the homogeneous complex of hyaluronic acid with proteins, high amount of leuko− cytes, high content of whole protein and lactic acid on the background of a low glucose content, l optically anisotropic -liquid−crystalline phase consist− ing of a set of optically uniaxial birefringent liquid crys− tals of various types: fibrin fibers, collagen fibers. The optical properties of amorphous {A} and crystalline {C} components of biological fluids can be exhaustively described using the following Jones operators [24] { } exp( ) .
Here, t is the absorption coefficient for laser radiation in the biological fluid layer with the geometric thickness l, r is the direction of the optical axis,
Dnd is the phase shift between the orthogonal components E x and E y of the amplitude of illuminating laser light with the wavelength l, and Dn is the index of birefringence.
The 
Let us consider the process of transformation of the complex amplitude ( ) E U ® of a laser wave that passed through the biological fluid layer {M} located between two crossed phase filters, the quarter−wave plates { } F 1 and { } F 2 and the polarizers { } P 1 and { } P 2 , planes of transmission for which make +45°and -45°angles with axes of the highest velocity. The amplitude U of the transformed laser beam, in this experimental setup, can be determined from the follow− ing matrix equation
Here, ;{ } ;{ } ;{ } .
In the special case of the plane−polarized wave . (6) The solution of matrix Eq. (6) is the value of the com− plex amplitude that is determined exclusively by the phase shift and does not depend on orientation of the optical axis for a laser image of biological fluid. Being based on it, one can write
where I 0 is the intensity of a probing laser beam and I r d ( ) is the intensity of the laser image for the biological fluid layer at the point ( ) r . Interrelations of Eqs. (4) to (7) define the algorithm for direct experimental measuring the coordinate distribution of the phase shifts d( ) r between orthogonal components of the amplitudes U U x y , in the laser image of an optically aniso− tropic biological fluid layer.
Optical scheme and method for experimental
measuring the phase maps of biological fluids Figure 1 shows an optical scheme for phasometry of laser images obtained for biological fluids [25] . Illumination was carried out using the parallel beam ( = 10 4 μm) of He−Ne laser 1 (l = 0.6328 μm). Using the polarization illuminator (quarter−wave plate 3 and polarizer 4), we formed the beam linearly polarized with the azimuth 45°. The axis of the highest velocity of the quarter−wave plate 5 was oriented at the angle Q =°45 , relatively to the Phase maps of polycrystalline human biological fluids networks: statistical, correlation, and fractal analysis transmission plane of the polarizer 4. Images of biological fluid layers 6 were projected using the micro−objective 7 into the plane of the light−sensitive area (m n pix =800 600 pix) of a CCD camera 10. Rotating the transmission plane of the analyzer 9 by the angle Q = -°45 , relatively to the axis of the highest velocity of the quarter−wave plate 8, the conditions for transmission of left−circular polarized oscillations of points in laser images of biological fluids were formed. The intensity of these oscillations I d was re− gistered by each separate pixel in the CCD camera 10. Thus, we obtained the two−dimensional distribution 
Algorithms for statistical, correlation, and fractal analyses of phase maps
To estimate d( ) m ń distributions, we calculated the set of statistical moments of the 1−st to 4−th orders Z j=1 2 3 4 ; ; ; [13] 
where ( ) Dm pix = 1 is the step of changing the coordinate 
The fractal analysis of d( ) m ń distributions was per− formed using calculation of the logarithmic dependences log ( ) log
where n = 
Classification of the coordinate d( ) m ń distributions is fulfilled using the following criteria [1, 14, [27] [28] [29] [30] [31] [32] [33] [34] [35] 
Statistical, correlation, and fractal parameters of phase maps for synovial fluid
As objects for experimental studying, we chose optically− −thin layers of synovial fluid taken from a healthy patient [ Fig. 2(a) ] and from a patient with atrophic arthritis [ Fig. 2(b) ]. The images of layers prepared from synovial fluid taken from human joints (Fig. 2) are indicative of availability of two fractions, optically isotropic and liquid−crystal network (anisotropic one). As it can be seen, geometric structure and sizes of separate elements in the polycrystalline network of the samples, prepared from biological fluids, are individual for physiological state. Table 1 . Our comparative analysis of the data obtained did not reveal sufficiently reliable criteria (within the framework of statistical approach) for differentiation of coordinate struc− ture in polarization maps for synovial liquid of both types.
Being aimed at more specific investigation of phase fea− tures for both fractions, we used the following method to se− lect information. From the available coordinate set of values Fig. 4, fragments (d, f) ] within the whole range of geometric sizes inherent to the laser image registered by the CCD camera (Fig. 1 ; parameters determined within the limits of two patient groups, and they are summa− rized in Tables 2 and 3 .
Our analysis of the parameters determined experimen− tally has shown that the following parameters are diagnosti− cally sensitive in observation of inflammatory processes: 
Conclusions
Thus, one can conclude the following:
l synovial fluid of human joints, independently of their physiological state, contains phase−modulating optically anisotropic network of biological crystals,
• ascertained and grounded is a set of criteria for phase diagnostics of inflammatory processes (atrophic arthri− tis), as being based on statistical (statistic moments of the first to the fourth orders), correlation (correlation moment and correlation area) and fractal (fractal dimensions and dispersion for the distribution of extrema in log−log dependences of power spectra) anal− ysis of phase distributions in laser images of synovial fluid.
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